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Technology: Blue lasers 
First solid-state 460 nm blue laser via SHG 
In August Coherent Photonies 
Group's Coherent Laser 
Division (Santa Clara, CA, USA) 
expanded its Sapphire family of 
optically pumped semiconduc- 
tor lasers (OPSLs - which are 
about the size of a computer 
mouse - see Figure 1) with the 
Sapphire 460-10 I0 mW diode- 
pumped semiconductor laser. 
This is the world's first com- 
mercial solid-state 460 nm blue 
laser (sharing the same product 
platform as the Sapphire 488-20 
20 mW 488 nm version 
launched at May's Conference 
on Lasers and  Electro-Optics 
(CLEO) in Baltimore, MD, USA, 
aimed at fluorescence excita- 
tion bio-instrumentation and 
inspection). 
Sapphire lasers arc free from 
the limitations of current air- 
cooled argon-ion lasers. It is 
"90% smaller, consumes 98% 
less power and dissipates 98% 
less heat," says product line 
manager Matthias Schulze. 
"OEM integrators have already 
started to translate these advan- 
tages into end-user system ben- 
efits for 488 nm applications. 
This revolution will now con- 
tinue at 460 nm." 
Coherent's OPSL lasers are 
based on a special type of 
Vertical Cavity Surface-Emitting 
Laser (VCSEL).A conventional 
VCSEL is driven by electrical 
current. However, an OPSL 
comprises: 
• a cw 808 nm semiconductor 
laser (of the type used for 
pumping all-solid-state Nd:YAG 
or Nd:YVO 4 lasers, which have 
limited emission wavelength) 
which optically pumps - via 
focusing optics: 
• a semiconductor chip that 
acts as both a gain medium 
(for the fundamental infrared 
emission at 976 or 920 nm) 
and a high Bragg reflector, an 
intra-cavity non-linear-optic 
second-harmonic-generating 
crystal (which re-emits the 
light at double the frequency 
and therefore half the wave- 
length, i.e. 488 or 460 nm, in a 
beam that is both single trans- 
verse mode TEM00 and single 
longitudinal mode SLM); 
• a second (external) 
high-reflectivity mirror (to 
complete the linear infrared 
cavity) and 
• a hemispherical output cou- 
pler (see Figure 2). 
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Figure I. Coherent's 20 mW488 nm Optically Pumped Semiconductor Laser, 
which can be used for semiconductor wafer inspection. 
Figure 2. Schematic diagram of the components of Coherent's Optically 
Pumped Semiconductor Laser. 
Optical pumping provides 
higher power with excellent 
spatial mode quality not 
achievable with electrical 
pumping. 
The gain chip comprises MBE 
growth (on a GaAs substrate) of" 
• a lower section of several high- 
and low-refractive-index layers 
(which form a distributed Bragg 
reflector ear-cavity mirror); 
• several planar quantum wells 
separated by cladding layers 
which absorb the pump 
photons; and 
• an anti-reflection-coated top 
layer. 
By varying the growth of the 
quantum wells in the OPSL, the 
emission wavelength can be 
pre-selected. 
The Sapphire 460-10 could 
enable a new era for digital 
imaging within the graphic 
arts industry (providing the 
blue in the RGB colour 
scheme). "The human eye is 
one of the most sensitive 
instruments for observing 
distortions on photo prints, 
photo film or any other type 
of colour print," said Greg 
Niven, business development 
manager for Coherent's 
Graphic Arts Business Unit. 
"The Sapphire 460-10 features 
an amplitude noise of less 
than 0.25%, which meets the 
stringent performance r quire- 
ments of graphic arts applica- 
tions, and outperforms the 
air-cooled argon laser [emitting 
at 457 nm, which is less 
well-matched to the absorp- 
tion in photo emulsions] by a 
factor of four." 
Figure 3. Coherent's 10 mW blue 
(460 nm) Optically Pumped 
Semiconductor Laser. 
The 460 nm device is also 
appropriate for a broad 
range of inspection and 
bioinstrumentation applica- 
tions at wavelengths that have 
been a "no-man's land" for 
solid-state technology, says 
Schulze. 
In addition, Coherent has also 
launched an OPSL that emits 
500 mW cw output at 980 nm 
from a single-mode fibre pigtail 
for both EDFA pumping and 
instrumentation used for 
Raman scattering and optical 
tweezers. 
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